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(54) An oxide-coated cathode and 
method of producing the same 

(57) An oxide-coated cathode used for 
the electron tubes such as cathode ray 



tubes and camera tubes, comprising as 
the base 5 a sintered product principally 
composed of an alkaline earth metal 
compound 5b and a high-melting-point 
metal 5a and having high heat conduc- 
tivity and low specific resistance, said 
sintered product 5 being either used, 
singly or layered on a high-melting-'' 
point metal body 6 containing a reduci- 
ble element or elements as impurity, 
and an oxide cathode materiai4 coated 
on said base, and a method of produc- 
ing such oxide-coated cathode. 

In examples given the sintered mix 
comprises 71-81% by weight of high- 
melting-point metal, preferably Ni but it 
could also be W, Mo, Ta, Pt etc, a 
reducing agent such as Al, Si, Mg, Co, 
Ti, Zr etc or compounds thereof, and an 
alkaline earth metal compound such as 
the carbonates of Ba, Sr and Ca, or, 
possibly, aluminates, tungstates or hyd- 
roxides thereof. The oxide coating 4 is 
of standard material and may be less 
than 60um thick. 
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SPECIFICATION 

An oxide-coated cathode and method of producing the same 

5 This invention relates to an oxide-coated cathode comprising a base made of a high-melting-point metal 
such as Ni and coated w.th an oxide of an alkaline earth metal such as Ba. Sr. Ca. etc.. and a method of 
producing such oxide-coated cathod. More particularly, the invention relates to an oxide-coated cathode of 
the sa.d type which is capable of producing an emission current of a high density on the order of 1 - 2 A/cm 2 
at a relatively low working temperature for a prolonged period of time continuously, excellent in keeping 
10 quality after manufacture, suited for mass production, better in thermal efficiency than the conventional 
oxide-coated cathodes and short in the emission rise-up time after switch-on of the heater, and a method of 
producing such cathode. 
Referring to the accompanying drawings. 

Figure 1 is a sectional view of a principal part of a conventional oxide-coated cathode 
1 5 figure 2 is a sectional view of a principal part of an oxide-coated cathode according to an embodiment of 

this invention. 

Figure 3 is a sectional view of a principal part of an oxide-coated cathode according to another 
embodiment of this invention. 

Figure 4 is a characteristic diagram showing the cathode temperature dependency of cathode resistance of 
20 a cathode according to this invention and that of a conventional oxide-coated cathode 

Figure 5 is a characteristic diagram showing variation of cathode resistance during life time of a cathode 
according to this invention and that of a conventional oxide-coated cathode. 

Figure 6 is a characteristic diagram showing the anode voltage dependency of the emission current of a 
cathode according to this invention and that of a conventional oxide-coated cathode. 
25 Figure 7 is a characteristic diagram showing variation of the emission current during life time of a cathode 
according to this invention and that of a conventional oxide-coated cathode. 

Figure 8 is a graph showing dependency of the Ba forming ability on the ratio (% by weight) of Ni in the 
mixed powder composition of a cathode according to this invention. 

Figure 9 is a graph showing deterioration of the Ba forming ability with time after production of a cathode 
30 according to this invention, with the ratio (% by weight) of Ni in the mixed powder composition being qiven 
as parameter, and in the graph the lines A. B and C show the variations when the Ni ratio is 5% by weight 
70% by weight and 80% by weight, respectively, and 

Figure 10 is a graph illustrating how the Ba forming ability and the emission current obtained in the space 
charge controlled area depend on the molar ratios of the alkaline earth metals [Ba/(Ba + Ca + Sr)l used in the 
35 mixed powder for a cathode according to this invention. 

Oxide-coated cathodes have been used in the electron tubes such as cathode ray tubes and camera tubes 
Referring to F,gure 1, there is shown a sectional view of a principal part of a conventional oxide-coated 
cathode (equivalent circuit arrangement being shown on the ringt side). In the drawing, reference numeral 1 

„n l!!nl C h ,eS 3 K- e u tly . eate ^ yPe b3Se WhiCh 9 enerates hea » "P°n supply of a current or an indirectly heated 

40 type base which ,s heated by a heater provided nearby, and 2 shows a thermion-emitting alkaline earth metal 
ox.de (hereinafter referred to simply as oxide) which is coated on said base 1. The base 1 is a 
h.gh-melt.ng-po.nt metal such as Ni usually containing a reducible element(s) such as Mg, Si, W etc as 
impurity and during operation of the cathode with its base 1 heated, the reducible element such as Mg Si 
W. etc.. diffused toward the oxide film 2 is reacted with said oxide film 2 to produce free Ba to maintain 'the 

45 electron emitting performance of the oxide cathode. This reaction causes growth of a high-resistance layer 
which is called intermediate layer, indicated by numeral 3. at the interface between the base 1 and the oxide 
film 2. The specific resistance of the oxide film 2 in an oxide-coated cathode is variable depending on the 
concentration of free Ba. but it is usually as high as 10 2 - 10 3 Q-cm even in an optimum condition, and the 
specific resistance of said intermediate layer 3 can reach 10 6 fi-cm in the case of Ba 2 Si0 4 or the like. 

50 Therefore the emitted current must pass through resistance R, of the intermediate layer 3 and resistance R 0 
of the ox.de film from the base 1. and as a result, the electron emitting part of the cathode generates heat of 
an amount defined by: 



55 



Ph-v = le 2 (R, + R„)W/cm 2 (1) 



wherein le is the emitted current density (A'cm 2 ), and R, and R 0 are thickness of the oxide film 2 and 
resistance (Q cm ) of the intermediate layer 3, respectively, of the actual cathode as calculated per unit area 
n the case of an indirectly heated cathode, assuming that the power fed to the heater provided adjacent to 
60 the base 1 ,s P H and the whole surface area of the cathode is S. then P H 'S is called characteristic heater 
power, n the conventional indirectly heated oxide cathodes, said characteristic heater power P„/S is on the 
i °! u m " Sa ' d heat 9 enera,ion rises •<> an amount unnegligible in comparison with said 

value of characteristic heater power, the electron emitting parts 1 and 2 of the cathode are self -heated to 
« rS H th T e J emper u ature ' r e*"'«nfl in a reduced life of the cathode or. in the worst case, breakdown of the 
65 cathode. Thus, in the conventional oxide-coated cathodes in which the thickness of the oxide film 2 is around 
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6-100 urn, the density of the emission current obtainable was subjected to a certain limit, or 0.5 - 1 A'cm 2 at 
highest. Also, in order to constantly obtain an emission current of high density close to the limit level, it is 
required to slightly elevate the operating temperature of the cathode, but this leads to an increased amount 
of evaporation of Ba and BaO, an increased consumption rate of the reducing agent such as Mg, Si, W, etc., 
5 and an increased growing rate of the intermediate layer 3, resulting in a shortened life of the cathode. If it is 5 
attempted to simply enlarge the thickness of the oxide film 2 for increasing the initial BaO content by an 
amount corresponding to the evaporation loss of Ba and BaO to thereby overcome said problem, there 
results an increase of cathode resistance R 0 in Figure 1 , making it impossible to produce a high-density 
emission current. Also, heat conductivity of the oxide film 2 is on the order of 5 x 10* 4 to 5 x 10* 3 (W/°K-cm) 

10 and the surface temperature of the oxide film 2 is lower by about 20°K than the cathode base temperature 10 
even in case the oxide film is of an ordinary thickness, or about 100 urn, and this temperature difference is 
proportional to the film thickness, so that if the thickness of the oxide film 2 is increased, it is necessitated to 
correspondingly elevate the cathode base temperature as well as the surface temperature of the oxide film 2 
for maintaining the emission current constant. This would promote consumption of the reducing agent, 

15 resulting in a shortened life or an increased power consumption of the heater. It has been also conceived to 15 
increase the thickness of the base 1 to compensate for the consumption of the reducing agent, but since 
growth of the intermediate layer 3 is due to the reaction between BaO and reducing agent, it was impossible 
with this means to attain the object of providing a high-density emission current if the intermediate layer 3 is 
enlarged in thickness. 

20 There are also known the cathodes such as so-called matrix cathode and impregnated cathode which are 20 
capable of constantly emitting a current of around 1 - 2 A/cm 2 unlike the ordinary oxide-coated cathodes. 
However, these cathodes are extremely high in working temperature, which is 950 - 1, 150°C, as compared 
with the working temperature (770 - 830 a C) of the oxide-coated cathodes, and also the power consumption of 
the heater is more than double to thrice as much as that in the oxide-coated cathodes. In comparison with 

25 these cathodes, said molded cathode and oxide-coated cathode using as base a pressure-molded mixture of 25 
a high-melting-point metal powder, an alkaline earth metal compound powder, a reducing agent powder, 
etc., according to this invention are the cathodes of the type which is capable of electron emission of a high 
current density. In the case of these oxide-coated cathodes, however, the electron emitting capacity of the 
cathodes and keeping quality thereof after manufacture are greatly affected by the selection of the ratio of 

30 the high-melting-point metal in the mixed powder used for the production of such oxide-coated cathodes. 30 
Improper selection of said ratio may make it necessary to elevate the cathode temperature for obtaining a 
desired emission current or may shorten the life of the cathode. Also, these cathodes are usually left exposed 
to the air for a long time till they are put to use, and their keeping quality in the air would be poor if the Ni 
ratio in the composition is improper, so that these cathodes might prove unsuited for mass production. On 

35 the other hand, as the high-current-density cathodes, there have been deviced various types of cathodes 35 
such as impregnated cathode mentioned above, and as regards their working temperature, the ordinary type 
of oxide-coated cathodes are lowest in such working temperature, followed by the molded cathodes, and 
other types of high-current-density cathodes necessitate a high power consumption. Further, impregnated 
cathode involves many difficulties in its production as it necessitates a high temperature (1 ,800 - 2000°C) 

40 pre-treatment and a cutting step. 40 
The present invention has been deviced with the object of eliminating these problems of the prior art, and 
it is intended to provide an oxide-coated cathode which is capable of continuous and stable emission of a 
high-density (1-2 A/cm 2 ) current for a long time at a relatively low working temperature, or around 800 - 
850°C, substantially same level as required for the conventional oxide-coated cathodes, and which is 

45 excellent in thermal efficiency and also shorter than the ordinary oxide-coated cathodes in emission rise-up 45 
time after switch-on of heater, and a method of producing such cathode. This invention also concerns a 
cathode base composed of a sintered product having best adaptability to the oxide-coated cathodes. 

Thus, an object of this invention is to provide an oxide-coated cathode characterized in that a sintered 
product (sintered cathode) principally composed of an alkaline earth metal compound and a high-melting- 

50 point metal and having high heat conductivity and low specific resistance is used as base, or a structure 50 
formed by providing.said sintered product on a high-melting-point metal containing a reducible element as 
impurity is used as base, and such base is coated with an oxide cathode material. 

Another object of this invention is to provide a method of producing an oxide-coated cathode which 
comprises uniformly mixing powder of an alkaline earth metal compound, powder of a high-melting-point 

55 metal and powder of at least one of the reducible elements such as Zr, Al, Si, Mg, Co, Ti, etc., either in the 55 
single form or in the form of compounds, then pressure molding said powder mixture singly or together with 
a high-melting-point metal such as Ni, sintering the molding to form a cathode base, and then providing an 
oxide cathode material on said base. 
The thermoionic cathode according to this invention is a type of oxide cathode featuring a base formed by 

60 pressure molding a powder mixture either singly or together with a high-melting-point metal such as Ni, 60 
such powder mixture consisting of 71 - 81% by weight of powder of a high-melting-point metal, powder of at 
least one of the reducible elements such as Al, Si, Mg, Co, Ti, Zr, etc., either in the single form or in the form 
of compounds, and powder of an alkaline earth metal compound. 
The oxide cathode according to this invention is also characterized in that the molar ratio of the alkaline 

65 earth metals Ba, Sr and Ca in the alkaline earth metal compound used for said sintered product |Ba/(Ba + Sr 65 
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+ Ca)J is 0.75 ±0.1. 

The device of the present invention is now described in detail in comparison with the hitherto used 
ordinary oxide-coated cathodes while referring to the accompanying drawings. 
Figures 2 and 3 are the sectional views of the principal parts of the oxide cathodes according to this 
5 invention. In these figures, numerals 5 and 8 designate a member principally composed of an alkaline earth 5 
metal compound and a high-melting-point metal and having high heat conductivity and small specific 
resistance. An example of said alkaline earth metal compound is (8a, Sr, Ca)C0 3 , and an example of said 
high-melting-point metal is NL In the member 5 of Figure 2, 5b indicates the areas taken by a 
high-melting-point metal such as Ni and 5b indicates the areas taken by an alkaline earth metal compound 

10 such as {Ba, Sr, Ca)C0 3 . Likewise, 8a and 8b in Figure 3 indicate the areas taken by a high-melting-point 10 
metal and an alkaline earth metal, respectively. In Figure 2, numeral 6 refers to a high-melting-point metal 
base on which said member 6 is arranged in an electrically and thermally well contacted state. In the 
structure of Figure 2, said high-melting-point metal 6 and member 5 constitute a cathode base, and in the 
structure of Figure 3, said member 8 alone constitutes the base, and an ordinary oxide cathode material 4 or 

15 7 is formed on said base 5 and 6 or 8. The high-melting-point metal layer 6 in Figure 2 preferably contains a 15 
reducible element as impurity for the reasons of weight gain of the reducing agent and free Ba forming rate. 
A reducible element or elements, either in the single. form or in the form of a compound, is contained in an 
amount of 0 to several % in the member 5 or 8, too. In the ordinary oxide-coated cathodes, as mentioned 
before, formation of the free Ba essential for the operation of the oxide cathode is accomplished, in the case 

20 of Figure 1 , as the reducible element contained in the base metal 1 is diffused toward the oxide film 2 and 20 
reacted with the oxide, allowing growth of a high-resistance layer called intermediate layer 3 at the interface 
between the base 1 and the oxide film 2. Figure 1 shows an equivalent circuit on the right side together with a 
sectional view of a principal part of the oxide cathode. The internal resistance (R, + R 0 ) of the oxide cathode 
increases with time. Growth of this intermediate layer 3 obstructs emission of a high-density current, but in 

25 the embodiments of this invention as illustrated in Figures 2 and 3, the member 5 or 8 principally composed 25 
of an alkaline earth metal compound and a high-melting-point metal, or a reducible element contained in the 
high-melting-point metal layer 6 is reacted with an alkaline earth metal compound in said member 5 or 8 or 
at the interface between said member 5 and metal layer 6 to form free Ba and the latter is diffused into the 
oxide film 4 or 7 to maintain the cathode operation in the embodiments of this invention. In this case, the 

30 reaction product forms an intermediate layer 5C such as mentioned above at the interface between the 30 
members 5 and 6, but unlike the device of Figure 1, the emission current feed passage does not run through 
the intermediate layer 5C but goes through the areas of the high-melting-point metal 5a which is a 
conductor . In other words, the emission current flows through the metal layer 6, high-melting-point metal 5a 
and coating oxide 4 in that order, so that the cathode resistance Rc shown by way of an equivalent circuit on 

35 the right side of Figure 2 is sufficiently small and does not change with time. Thus, the device of this 35 
invention is capable of effecting stable electron emission of a high current density on the order of 1 - 2 A/cm 2 
for a long time. For attaining such high-current density electron emission, the specific resistance of the oxide 
film 4 or 7 is also a matter of much concern like the intermediate layer. 
Table 1 shows the resistance R 0 of the sufficiently activated oxide film as measured by D. A. Wright [Proc 

40 Roy. Soc, London, (A) 190 (1947), page 394). * 4Q 

TABLE 1 

Temperature dependency of resistance of oxide film 



45 



50 



T c (°K) 


R 0 (Q/cm 2 ) 


750 


27 


830 


11 


900 


6 


950 


4 


1000 


3 


1050 


2.2 


1090 


1.6 



60 



In the above table, R 0 is resistance when the oxide film thickness is 70 \\m, with the oxide film area being 
reduced to the unit area base, and T c is cathode temperature. The equilibrium between supply and 
consumption of power at the electron emitting parts is expressed by the following formula (2): 

Ph + Ph-v = Prad + Pcond + Pcooiing ....(2) 



45 



50 



55 



60 



P H is heater power, P rad is loss of power by heat radiation, P cond is loss of power by cooling effect, P h . v is a 
nominal relating to the heating effect given by internal resistance of the cathode and P COOIing is a nominal 
65 relating to the cooling effect involving entrainment of energy by the emitted electrons. The values given here 65 
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are those calculated per unit area. 

When no emission current is flown, both P h . v and P cooling are 0 and a steady state is reached at such a 
temperature of each cathode part that the heater input power P H and the sum of the loss of power by heat 
rad.at.on and the loss of power by cooling effect (P fad + P m j M6 become equal to each other. When an 
5 emiss.on current le is flown, P h . v - P coohng at the electron emitting part becomes a power which causes rise of 
temperature at that part beside the heater input power. Therefore, when the emission current density 
increases and (P h . v - P coot(np l elevates to such an extent that it is unnegligible in comparison with P H 
steadmess of cathode temperature is broken and the temperature of the oxide film at the electron emitting 
part is raised up by self-heating. This results in an increased evaporation loss of Ba and BaO to shorten the 

10 hfe of the cathode or break it in some cases. The cathode temperature at which the ordinary oxide-coated 
cathodes are used is 750'C to 830'C, and the resistance of the sufficiently activated oxide film, as noted from 
Table 1 , is around 2 Q/cm 2 when the film thickness is 70 M m. In this case, the nominal relating to the 
self-heating P^. v - P cootin g takes a value such as shown in Table 2, and when the emission current density 
exceeds 1 A cm 2 , the oxide temperature rises up to shorten the life. Therefore, in case of obtaining an 

1 5 emission current of higher than 1 A/cm 2 , it is essential that the film resistance is smaller than the value of R 0 ' 
such as shown in Table 2 and that the film thickness is less than 60 urn as shown in Table 2, even under the 
supposition that there takes place no growth of the intermediate layer. If the film thickness'exceeds 60 urn 
the resistivity pf the oxide cathode layer increases to make it unable to attain electron emission of a high ' 
current density of over 1 A'cm 2 , thus spoiling the features of this invention. 

20 

TABLE 2 20 



Setf-heating and optimum resistance and thickness of oxide film 



25 



30 



Current 




Film 


Film 


density 


Ph-Pc 


resistance 


thickness t' 


(A'cm 2 ) 


(W/cm 2 ) 


R 0 '(£2/cm 2 ) 


(ftm) 


1 


0.28 


1.76 


60 


1.5 


1.37 


1.19 


40 


2 


4.21 


0.92 


30 



In the case of the ordinary oxide-coated cathodes, growth of the intermediate layer obstructs flow of a 
high-density emission current as said before, but it should be also noted that the resistance of the oxide film 

35 itself is a detrimental factor for stabilized long-time continuous electron emission of high current density If 
the oxide film thickness is reduced for obtaining a high-density emission current in the ordinary 
oxide-coated cathodes, the initial holding of BaO decreases and as a result the cathode life is reduced due to 
consumption of BaO. Also, for stably obtaining a high-density emission current, it is necessary to slightly 
elevate the cathode temperature, and in view of this and the fact that the evaporation rate of Ba and BaO 

40 increases, it is very disadvantageous to decrease the oxide film thickness. In the case of the cathodes 
according to this invention, however, there occurs no growth of an intermediate layer to allow electron 
emission of high current density, and further even if the oxide film thickness is reduced to a maximum 
degree that allows electron emission of high current density, both Ba and BaO are supplied to the oxide film 
for a long time because of the sufficient Ba and BaO supply source in the base of a small specific resistance, 

45 so that the cathode shows a stabilized high-density current emission characteristic. 

As mentioned before, heat conductivity of the oxide film is as low as 5 x 10' 4 to 5 x 10" 3 |W/°Kcm), and the 
surface temperature of the oxide film with a thickness of 1 00 urn is lower by about 20°K than the cathode 
base temperature when the base temperature is 1 ,000 C K. According to the cathode device of this invention 
however, the oxide film thickness can be reduced appreciably owing to the Ba and BaO supply source in the 

50 base which has more than 10 to 100 times as high heat conductivity as the oxide film, and if, for instance, the 
oxide film thickness is reduced to about 1/3 of that of an ordinary oxide-coated cathode, the difference 
between surface temperature and base temperature can be lessened to 20 x 1/3. Thus, in case the surface 
temperature is kept at the same level so as to provide a same emission characteristic, it is possible to lower 
the cathode base temperature by about 20 J K x 2/3, and this allows a corresponding amount of reduction of 

55 heater power consumption. It is thus possible to provide the cathode of this invention with better thermal 
efficiency than the ordinary oxide-coated cathodes. For the same reason, the rising rate of oxide surface 
temperature by heater feed power is improved, so that it is possible to shorten the emission rise-up time as 
compared with the ordinary oxide-coated cathodes. 
Now, the cathode according to this invention and the method of producing the same are described in 

60 detail. 

The method of producing an oxide-coated cathode according to this invention comprises uniformly 
mixing powder of an alkaline earth metal compound, powder of a high-melting-point metal and powder of at 
least one reducible elements either in the single form or in the form of compounds, pressure molding this 
powder mixture either singly or together with a high-melting-point metal, sintering the molding to form a 
65 cathode base, and then coating this cathode base with an oxide cathode material. According to this method. 
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it is possible to freely blend desired quantities of an alkaline earth metal and a reducible element(s) in the 
cathode base and also proper surface coarseness provided by powder sintering ensures good adhesion 
between the ox.de coating film and the base. Further, the best characteristics of cathode are well retained 
The following are some embodiments of this invention. For example, a powder mixture is prepared by " 
5 umformly mixing about 30% by weight of powder of (Ba. Sr, Ca)C0 3 as alkaline earth metal compound 
about 70% by weight of powder of Ni as high-melting-point metal and not greater than 2% by weight of 
powder of a reducing agent such as ZrH 2 . Al. Mg. etc. This powder mixture is pressure molded along with a 
h.gh-melt.ng-po.nt metal 6 such as Ni containing a reducible element as impurity to form a molding 5 on the 
metal 6, or sa.d powder mixture alone is pressure molded to form a molding 8. Such molding is sintered to 
10 !? r , m o cathode base 5 and 6 or 8 and then this base is coated with an oxide cathode material such as (Ba Sr 
Ca)C0 3 by means of spraying, immersion, painting, etc., to thereby produce a cathode according to this ' ' 
invention. B 

In Figure 4,l is a graphic representation of cathode resistance of the thus produced actual cathode 
(diameter: 1.0 mm; base thickness: 500 am, oxide film thickness: 30 urn) as a function of cathode 
15 temperature, and II is a similar graphic representation of cathode resistance of a conventional fully activated 
oxide-coated cathode (diameter: 1 mm; base thickness: 60 urn, oxide film thickness: 90 M m). As seen from 
Figure 4. resistance of the oxide cathode produced according to the method of this invention is almost 
independent of cathode temperature and lower than that of the ordinary oxide-coated cathode at all cathode 
temperatures. Particularly, it is noted that the cathode resistance according to this invention is lower by 
20 about 1/2 to 1/10 than that of the conventional cathode in the range of cathode temperatures at which these 
cathodes are actually used. Figure 5 is a graphic illustration of variation of cathode resistance during the life 
time at the cathode temperature of 800 B C. wherein III shows such variation of the cathode according to this 
invention and IV shows said variation of a conventional oxide-coated cathode. As noted from this figure the 
cathode resistance of the conventional oxide-coated cathode increases sharply with growth of the 
25 intermediate layer whereas the cathode resistance in the device of this invention is very stabilized and 
undergoes little change with time. Figure 6 shows anode voltage dependency of emission current at the 
working temperature of 790 C C, wherein V represents a cathode according to this invention and VI represents 
a conventional oxide-coated cathode. le(V) and le(VI) show the emission current densities outside the space 
charge controlled current region. Figure 6 shows that the cathode according to this invention is superior to 
30 the conventional cathode in emission current density at the same cathode temperature. This indicates that 
the cathode of this invention can provide a high-density emission current at a cathode base temperature 
equal to or rather lower than that at which the conventional oxide-coated cathode is used. When cathode 
resistance is small, the relation between emission current le and anode voltage Va is defined by the 
following Langmuir's formula in the space charge controlled region: 



35 



le = " Va32 ....(3) 



However, when cathode resistance is high and there takes place a potential drop AV due to flow of an 
emission current in the cathode, the emission current does not follow the formula (3) but is qiven bv the 
40 following formula: 

le = a(Va- AV) 32 (4) 

45 In Figure 6, the cathode of this invention represented by V is conformable to the formula (3) while the 

conventional oxide-coated cathode represented by VI does not conform to the formula (3) but is consonant 
to the formula (4). In Figure 6, AV shows the potential drop caused by the emission current. This is another 
attestation to low resistance of the cathode according to this invention and higher resistance of the 
conventional oxide-coated cathode. Also, since AV is proportional to cathode resistance, it increases with 

50 the life time in the ordinary oxide-coated cathodes, and when the cathode is incorporated in an actual 
electron gur, and used under the condition of constant anode voltage, the emission current wanes with the 
life time, reaching an early end of the life. Particularly, this phenomenon is conspicuous when a high-density 
emission current is produced since AV is also proportional to emission current, and this has been one of the 
causes of inability of the conventional oxide-coated cathodes in producing a high-density emission current 

55 stably for a long time. Figure 7 is a graph showing variation of emission current during the life time The 
emission current is produced continuously at a current density of about 1 .5 A/cm 2 , and in the graph such 
emission current is plotted by standardizing the initial value as 1. VII represents an oxide cathode according 
to th.s invention and VIII represents an ordinary oxide cathode. A same working temperature was used for 
both cathodes. In the case of the ordinary oxide cathode, the emission current density begins to drop from 

60 the early phase, and in only 1 .5 life time (arbitrary scale), the emission current density drops to 70%, whereas 
in the case of the oxide cathode according to this invention, a high-density emission current can be obtained 
quite stably even after the lapse of more than 7 times as long life time. As apparent from Figure 7. the 
cathode of this invention is capable of producing a high-density electron emission current constantly for a 
long time at a substantially same cathode temperature as used or the conventional oxide cathodes. 

65 On the other hand, heat conductivity of the base containing an alkaline earth metal compound [(Ba, Sr. 
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CalO in the instant embodiment] used in the emodiments of this invention is on the order of 0 1 to 0 05 

^•^.3* ' S m ° r , e V 10 10 100 timeS 85 h ' 9h 35 that of ,he oxide fi,m which ^ on the order of 5 x 1 0- 
o 5 x 10 W^K cm, and the temperature difference ATs between the heater heated par, of the cathode and 
the base surface ,s around 1 to 2=K when the cathode temperature is 1 ,000'K. In the ordinary oxide catho^s 

5 r/rrSI ^ ef ° r K ° X,d w e fi ' m ,hiCkn6SS iS ab ° Ut 100 " m 3nd Said temperature difference IVssT 
large as 20 K. So, when v.ewed m comparison with this, said temperature difference ATs (= 1 - 2°K) in this 
mvent.on is quite small and legligible. Also, in the case of the cathode according to this invention, s nee Ba 
and BaO are supphed rom the base ,n principle, the oxide film thickness can be reduced to a significant 
degree. For instance, if the oxide film thickness is reduced to about 30 urn which is 1/3 of the oxide film 
10 th.ckness in the ordinary oxide cathodes, the difference ATs" between cathode temperature and surface 
temperature becomes 1/3 of that in the conventional catodes, and this allows such much lowering of the 
cathode temperature. Thus, as it is possible to reduce the cathode input power by the heater, the cathode 
according to this invention is better in thermal efficiency than the conventional ones and for the same 
reason, emission rise-up upon power connection to the heater is quick, and hence there can be provided a 
15 quick-operating type cathode. 

In the above-described embodiment of this invention, there has been used (Ba, Sr, Ca)0 obtained bv 
decomposing (Ba, Sr, Ca)C0 3 as alkaline earth metal compound, but it is also possible to use an aluminate 
tungstate hydrox.de. etc.. of an alkaline earth metal. Also, as high-melting-point metal, there may be used' 
no, only Ni but a so W, Mo. Ta, Pt and the like. Further. ,he weight ratio of the high-melting-point metal 
20 powder to the alkaline earth metal powder need not be confined to 70 : 30 but may be optionally selected 
provided that the sintering property would no, be spoiled. 

On the other hand, for performing electron emission of high current density, it is required that the work 
function at the electron emitting area is small and that the resistance at the region where the electron 
em.ssion current flows is also low. In order to lessen the work function, it is essential for the normal 
25 operation of the oxide cathodes (the term "oxide cathode" used here refers to all types of cathodes involved 
including oxide-coated cathodes, molded cathodes, barium-impregnated cathodes, etc.) to liberate Ba in the 
alkaline earth metal ox.de so as to fully cover the electron emitting area with free Ba. In other words 
sufficient supply of free Ba is necessary for high-density-current electron emission at a low temperature For 
long-time stable supply of free Ba, it needs to increase the Ba content and to properly reduce it with a ' 
30 suitable reducing agent. 

The availability of a high-current-density cathode for its use at low temperature and life potentiality of such 
cathode depend on whether it is possible to maintain a stable and sufficient free Ba formability for a lono 
time at low temperature. In other words, the life potentiality can be evaluated by measuring the amount of 
Ba which evaporates from the surface of the working cathode. Regarding the oxide-coated cathodes 
35 according to this invention, the evaporation loss of Ba was measured by varying the ratio of the 

high-melt,ng-po.nt metal powder in the sintered product constituting the base (5 in Figure 2 and 8 in Figure 
3). It was found as a result that free Ba is produced stably and sufficiently for a long time at the lowest 
temperature when the ratio of the high-melting-poing metal powder is within the range of 71 to 81% bv 
weight. It was also clarified as a result of experiments that the higher the ratio of the high-meltinq-point 
40 metal powder, the higher is the mechanical strength of the pressure molded member 4. but a satisfactory 
mechanical strength can be obtained when the high-melting-point metal powder is contained in an amount 

n nT,T« hf V 7'f l he ,! aC u W3S a,S ° r6Vealed th3t the best kee P ,n 9 °- ualit V of the cathode after its 
production is obtained when the high-melting-point metal powder content is 71 - 81% by weight 

From the foregoing results, it may be said that the cathode according to this invention is a hot cathode 
45 which is capable of long-time stable electron emission with high current density at a relatively low 

temperature and which is also excellent in keeping quality after production and suited for mass production 
While the invention has been described by exemplifying an indirectly heated type, the invention can as well 
be applied to the directly heated cathodes in which heat is generated by directly flowing a current to the 
emitter or base. M " oine 
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Example 1 

Ni was used as high-melting-point metal powder and a carbonate of alkaline earth metal was used as 
alkaline earth metal compound powder, and less than 2% by weight each of Al, Mg and ZrH, were contained 
as reducing agent. Figure 8 shows the result of measurement of Ba forming ability of the fully activated 
55 cathode of this example at the cathode temperature of 1,000^C. It was experimentally confirmed that if the Ba 
forming ability is over 5 x 10 9 (g/cm 2 /S), electron emission of current density of 1 A/cm 2 is possible at a 
cathode temperature (luminance temperature) of below 750'C b and 1.5 A/cm 2 at a cathode temperature of 
oelow 780 C b . These values substantially correspond to those calculated with the ordinary oxide-coated 
cathodes under the supposition that they can withstand high current density 

60 ic il !«" f K° m Fi9 u re 8 ', the 83 f ° rming abMity iS OVCr 5x109 (9 ' cm2/S| when ,he Ni rati ° composition 
is 76 ± 5 ,o by weight, and th.s means that the cathode of this invention can operate at the substantially same 
cathode temperature at which the ordinary oxide-coated cathodes operate in the best form. Particularly 
when the N. ratio is 76% by weight, the highest Ba forming ability is provided and also the cathode can 
operate at the lowest temperature. 

65 Figure 9 shows how the Ba forming ability of the fully activated cathode of this invention varies at 1.000°C 
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during the per.od from production to use of the cathode. Lines A, B and C show the variations when the Ni 
ratio ,n the composition was 75% by weight. 70% by weight and 80% by weight, respectively The area 
indicated by the slant lines shows the Ba forming ability required for achieving electron emission with 
current density of 1 - 1 .5 A cm 2 at a cathode temperature at which more than 3.000 hours of life can be 
5 expected. These results show that the cathodes with the Ni ratio of 70, 80 and 75% by weight, respectivelv 
can well stand use as high-current-density cathodes even if they are kept in storage for the periods of more 
than one week, one month and two months, respectively, in the air after manufacture. This indicates that the 
cathodes having good Ba forming ability in a fully activated state are also good in keeping quality This Ba 
forming abhty is affected by the size and number of a plurality of pores formed by sintering of the 
10 h.gh-melt.ng-po.nt metal and heat conductivity of the porous body. Although Ni is used as high-meltinq- 
point metal and a carbonate as alkaline earth metal compound in this example, it may well be said with other 
high-melt.ng-po.nt metals and alkaline earth metal compounds, too, that, generally, the best cathode 
properties are obtained vb»n the ratio of the high-melting-point metal in the composition is 76 ± 5% by 
weight. 1 

15 We have also measured evaporation loss of Ba in the oxide-coated cathodes according to this invention by 
varying the molar ratio of the alkaline earth metal in the alkaline earth metal compound [Ba/(Ba + SrTcall 
in the sintered product (5 in Figure 2 and 8 in Figure 3) which constitutes the base of the cathode It was 
ound as a result that an ample amount of free Ba is produced stably and for a long time at the lowest 
temperature in case of using an alkaline earth metal compound having said molar ratio of 0 75 ± 0 1 Thus 

20 the cathodes according to this invention are the oxide cathodes which are capable of stable high-current- ' 
density electron emission for a long time at a relatively low temperature. 

Example 2 

Ni was used as high-melting-point metal powder and a carbonate of alkaline earth metal was used as 
25 alkaline earth metal compound powder, and less than 2% by weight each of Al and Zr or ZrH, were contained 
as reducing agent Figure 1 0 shows the Ba forming ability m (g/sec/cm 2 ) of the fully activated cathode of this 
example at he cathode temperature of 900°C and the maximum emission I |mA) from the 1.2 mm diamete 
cathode surface ,n the space-charged area. As seen from Figure 10, best Ba forming ability and highest 
emission can be obtamed when the molar ratio of the alkaline earth metal Ba/(Ba + Sr + Ca) is 0 75 ± 0 1 
30 Thus, the cathode according to this invention can operate at the lowest temperature ever possible and as a 
consequence, it is capable of emitting a high density current constantly for a long time 

As understood from the foregoing description, the oxide cathode according to this invention, as compared 
with the conventual ones, is capable of producing an emission current of such a high density as 1 - 2 AW 
continuously and stably for a long time at a low temperature substantially same as used with the 
35 conventional cathodes of this type. Further, the cathode according to this invention is better in thermal 
efficiency and shorter in emission rise-up time than the conventional cathodes, and thus there is provided 
according to this invention a quick-operating type cathode. The production method of this invention is very 
simple and capable of producing a cathode having said excellent properties. This method is also effective as 

„n VL PO c SS, ,k ,0 t a " V d6Sired am ° Unt of an alkaline earth metal impound or a reducing agent in the 
40 base. Further, according to the method of this invention, there are provided proper coarseness of the base 
surface and high adhesion between the oxide film and the base to elevate reliability of the device 
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CLAIMS 

1 An oxide-coated cathode comprising as the base a sintered product principally composed of an 
alkaline earth metal compound and a high-melting-point metal and having high heat conductivity and low 
5 specific resistance, said sintered product being used either singly or provided on a high-melting-point metal 
layer containing a reducible element as impurity, said base being coated with an oxide cathode material 

2. The oxide-coated cathode according to Claim 1. wherein the film thickness of said oxide cathode ' 
material is less than 60 urn. 

o\ "L^t°^ ide " CO f ed , Cath ° de a f cordin 9 t0 C,aim 1 or 2. characterised in that a powder mixture consisting 
10 of 71 - 81 , 0 by weight of powder of a high-melting-point metal, powder of at least one of the reducible 
elements such as Al, Si, Mg, Co, Ti, Zr, etc., either in the single form or in the form of a compound and an 
alkaline earth metal compound, is pressure molded either singly or together with a high-melting-point metal 
such as Ni to thereby form said base. 

4. The oxide-coated cathode according to Claim 1, 2. or 3, wherein the molar ratio of the alkaline earth 

15 metals Ba, Sr and Ca in the alkaline earth metal compound |Ba (Ba + Sr + Ca)] in said sintered product is 0.75 15 

5. A method of producing an oxide-coated cathode which comprises uniformly mixing powder of an 
alkahne earth metal compound, powder of a high-melting-point metal and powder of at least one of the 
reducible elements such as Al. Si, Mg. Co, Ti. Zr. etc.. either in the single form or in the form of a compound 

20 pressure mold.ng said powder mixture either singly or together with a high-melting-point metal such as Ni' 
to form a cathode base, and then coating said cathode base with an oxide cathode material 
drLirJg n s° Xide C ° ated ° ath ° de substantiall V as hereinbefore described with reference to the accompanying 
7. A method of producing an oxide-coated cathode substantially as hereinbefore described. 
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